ABSTRACT: Temporal variation in two soil tests ([Al] and the ratio [Al]: [Na] in 1:5 0.005M KCl extract) and pH were evaluated on six occasions during a twelve month study of eleven yellow earths in the Merredin region (31°5, 118°E) of Western Australia. The [Al] and ratio [Al]: [Na] in 1:5 0.005M KCl extracts are useful soil tests capable of distinguishing between productive and non-productive (Al toxic) yellow earths in Western Australia. The aim of the study was to determine the most appropriate time to sample yellow earths, in order to predict accurately which soils contained concentrations of Al in the 15-25 cm layer that were toxic to wheat.
INTRODUCTION
Temporal variation in soil properties is a consequence of the nature of the processes involved in soil development as well as external factors, such as environmental conditions and management practices (1, 2, 3) . Designing and executing pragmatic sampling strategies is necessary when sampling soils if we wish to understand the contribution of temporal variation in a soil test value between sites.
In our previous research, various soil tests were evaluated to identify Al-toxic subsoils (4) . Both [Al] and the ratio [Al] :[Na] in 1:5 0.005M KC1 extracts were shown to be suitable soil tests capable of distinguishing between soils of low productivity (limited by subsoil Al toxicity) from soils capable of economic wheat yields. The ratio [Al] :[Na] is a more accurate soil test than [Al] alone for predicting grain yield of wheat grown on similar soils in different regions, or when different fertiliser practices have been implemented (4) . Prior to the farming community utilising these soil tests, an evaluation of the extent and consequences of temporal variation in [Al] and [Na] extracted by KC1 was necessary. Temporal variation in subsoil properties has not been widely documented and is likely to be influenced less by bioloical activity, temperature, and moisture than topsoil properties. Nevertheless, if either of the components of the soil test varied considerably throughout the year, farmers may have to collect soil samples at specific times to avoid non representative soil test values.
The impact of temporal variation on the decision made from the actual measurements needs to be considered. This was because a soil test at any given time {e.g. summer) may be statistically different from the same soil test at another sample time (e.g. winter), yet the decision made from the soil test (e.g. highly Al toxic) may not be affected by such temporal variation in the soil test. The effect of temporal variation on the interpretation of soil test values is particularly important for soils containing concentrations of Al that are marginally toxic.
The aim of the study was to determine the most appropriate time to sample yellow earths in order to predict accurately which soils contained concentrations of Al in the 15-25 cm layer that were toxic to wheat. INTRODUCTION Temporal variation in soil properties is a consequence of the nature of the processes involved in soil development as well as external factors, such as environmental conditions and management"practices (1, 2, 3) . Designing and executing pragmatic sampling strategies is necessary when sampling soils if we wish to understand the contribution of temporal variation in a soil test value between sites.
In our previous research, various soil tests were evaluated to identify AI-toxic subsoils (4 (Fig. 1) . The samples were all air dried at 25*C and stored until analysis.
Laboratory Analysis
Duplicate soil samples were shaken for 16 hours with 0.005M KC1 at a soil to liquid ratio of 1:5, and then centrifuged at 2000 rpm (4). The filtered (<0.45 \lM) extracts were analysed for aluminium colorimetrically using PCV (7) , and sodium by atomic absbrptíon spectroscopy. Soil pH was measured using a Orion EA 940 research pH meter. extracts were analysed for aluminium colorimetrically using PCV (7), and sodium by atomic absbrption spectroscopy. Soil pH was measured using a Orion EA 940 research pH meter.
Statistical Analysis
Seasonal at all sampling times, i.e. they were highly toxic and this diagnosis was therefore unaffected by temporal variation. The temporal variation at site 9 was such, that than the other five sample times (Table 2) The [Al] extracted by KC1 at sites 2 and 4 was previously observed not to be affected by temporal variation, therefore the variation in the ratio is due to temporal differences in KCl-extractable [Na] . Sodium extracted by KC1 was included in the soil test because it was related to the ionic strength of the soil, and hence provided an indication of toxic Al activity in the soil solution (4). Sodium presumably varies more than extractable Al, because less is adsorbed onto soil surfaces, and hence its concentration would vary more with different soil moisture regimes during the year. A reason for the low KCl-extractable [Na] at sample times 1, 4, 5, and 6 (site 2) and sample time 6 (site 4) was not established. However, from farmer experience, both sites (2 and 4) were very productive yellow earths (J. Thyne and N. Breakall, personal communication).
At sites 5 and 6, the ratio [Al]:[Na] varied (p<0.05) between sample times, but the value always remained low ( Table 2 ). The temporal variation did not affect interpretation that Al toxicity would not restrict wheat yields at sites 5 and 6. This differs from the interpretation made on the basis of [Al] alone at these two sites, The [Al] extracted by KCI at sites 2 and 4 was previously observed not to be affected by temporal variation, therefore the variation in the ratio is due to temporal differences in KCl-extractable [Na). Sodium extracted by KCl was included in the soil test because it was related to the ionic strength of the soil, and hence provided an indication of toxic AI activity in the soil solution (4). Sodium presumably varies more than extractable AI, because less is adsorbed onto soil surfaces, and hence its concentration would vary more with different soil moisture regimes during the year. A reason for the low KCI-extractable [Na] at sample times 1,4,5, and 6 (site 2) and sample time 6 (site 4) was not established. However, from farmer experience, both sites (2 and 4) were very productive yellow earths (J. Thyne and N. Breakall, personal communication).
At sites 5 and 6, the ratio [ [Na] varied considerably (p<0.05) at site 8. At sample times 2 and 3, the soil test values indicated no restriction in wheat growth by Al toxicity, but at the other four sample times, the values suggested severe subsoil Al toxicity. The [Al] extracted by KCl did not vary with time, hence the variation in the ratio at this site was due to temporal differences in KCl -extractable [Na] (as observed at sites 2 and 4). Spatial variation was not considered to be a contributing factor, because the replicates had very similar [Na] (data not shown).
The ratio [Al]:
[Na] at the three sites with severe subsoil Al toxicity (sites 9 to 11) also varied (p<0.05) between sample times, however the observed values were sufficiently high at all sample times to indicate wheat yields would be restricted by Al toxicity if grown at sites 10 and 11. At site 9, the Tatio [Al]:[Na] at sample time 2 was considerably lower (p<0.05) than the values estimated on the other five occasions (Table 3) . Consequently, the interpretation at this site changes from highly Al toxic subsoils, to only slightly Al toxic. Spatial variation in the [Al] was previously suggested as a possible cause of the lower value at sample time 2. In addition to spatial variation in [Al] , there were strong indications that [Na] extracted by KCl at site 9 at sample time 2 was also influenced by spatial variation. For instance, the two subsamples contained The higher KCI-extractable [Na] at sites 5 and 6 indicates a greater soil solution ionic strength, which would decrease the activity of toxic Al in the soil solution at these sites. Hence, wheat yields on these soils are less affected by subsoil Al toxicity. The ratio [Al):[Na) also varied (p<O.05) at site 7 (Table 2 ), but the observed values were sufficiently high to indicate subsoil Al toxicity would be a major limitation to wheat yields at all sample times. This is despite considerably lower KCl-extractable [AI] at site 7, compared with the [AI] at sites 5 and 6 (Table 1) , and is because KCI-extractable [Na] was very low at site 7. The low KCIextractable [Na) at site 7 indicates a low soil solution ionic strength, and therefore, high activity of AI. This observation reinforces the advantages of the ratio [AI]: [Na] in distinguishing between productive and non productive yellow earths.
The ratio [Al]:[Na] varied considerably (p<O.OS) at site 8. At sample times 2 and 3, the soil test values indicated no restriction in wheat growth by Al toxicity, but at the other four sample times, the values suggested severe subsoil Al toxicity. The [AI) extracted by KCI did not vary with time, hence the variation in the ratio at this site was due to temporal differences in KCI-extractable [Na] (as observed at sites 2 and 4). Spatial variation was not considered to be a contributing factor, because the replicates had very similar [Na] (data not shown).
The ratio [AIJ: [Na} at the three sites with severe subsoil Al toxicity (sites 9 to 11) also varied (p<O.05) between sample times, however the observed values were sufficiently high at all sample times to indicate wheat yields would be restricted by Al toxicity if grown at sites 10 and II. At site 9, the ratio [Al]:[Na] at sample time 2 was considerably lower (p<O.05) than the values estimated on the other five occasions (Table 3) . Consequently, the interpretation at this site changes from highly Al toxic subsoils, to only slightly Al toxic. Spatial variation in the [AI] was previously suggested as a possible cause of the lower value at sample time 2. In addition to spatial variation in [AI), there were strong indications that [Na] extracted by KCl at site 9 at sample time 2 was also influenced by spatial variation. For instance, the two subsamples contained [ [Na] at site 9 on sample time 2. As previously suggested, perhaps more comprehensive sampling should be undertaken prior to making a final management decision at such a site. Soil pH Soil pH measured in the 0.005M KC1 extract also varied (p<0.05) during the twelve month study ( Table 3) . The difference between the maximum and minimum pH at a given site varied from 0.04 (site 11) to 0.20 (Site 7) of a pH unit. The fact that soil pH was less variable than the soil tests [Al] and [Al] :[Na] is attributed to the logarithmic scale of measurement used for pH.
There was no indication of a seasonal pattern to the variation observed in soil pH, however at the final sample time (December 1989), seven of the eleven sites had higher (p<0.05) pH values than the first sample time in December 1988. There was no difference in pH between the first and last sampling times at the other four sites (Table 3) (Table 3) . The difference between the maximum and minimum pH at a given site varied from 0.04 (site 11) to 0.20 (Site 7) of a pH unit The fact that soil pH was less variable than the soil tests [All and [AI]:[Na] is atnibuted to the logarithmic scale of measurement used for pH.
There was no indication of a seasonal pattern to the variation observed in soil pH, however at the final sample time (December 1989), seven of the eleven sites had higher (p<O.05) pH values than the first sample time in December 1988. There was no difference in pH between the first and last sampling times at the other four sites (Table 3) Spatial variation was also a confounding factor in the assessment of temporal variation in soil pH. There were significant (p<0.05) differences in soil pH of the replicates at a number of sites within the same sample time (data not shown).
CONCLUSIONS
Temporal variation in [Al] was observed at all sites, however the variability was not sufficient to significantly alter interpretation of soil test values at eight of the eleven sites. Spatial variation was considered to be a confounding factor in the identification of temporal variation in this study. Providing soil sampling strategies are used to decrease the effect of spatial variation, farmers and researchers should be able to predict potential Al toxicity to wheat grown on yellow earths from soil samples collected at any time throughout the year.
The When all sites were considered, the most appropriate time to sample soil and use the soil test [Al]:[Na] to determine potential wheat yields would be in late summer or early autumn (i.e. either the second or third sample times). Winter rainfall patterns rarely commence before late May in the Merredin region, and therefore, changes in soil chemical properties after the commencement of such would be minimal. There was only one instance at sample times 2 and 3, i.e. one of the 22 site/times (an error of <5 %) when the actual value of the soil test could be interpretted incorrectly (site 9, time 2), and spatial variation was considered the major factor for that extraneous estimation of [Al] : [Na] .
Soil pH is relatively unaffected by temporal variation, however pH is unable to provide information on subsoil Al toxicity on the yellow earths, therefore it is of little value as a routine soil test Spatial variation was also a confounding factor in the assessment of temporal variation in soil pH. There were significant (p<O.05) differences in soil pH of the replicates at a number of sites within the same sample time (data not shown).
Temporal variation in [AI] was observed at all sites, however the variability was not sufficient to significantly alter interpretation of soil test values at eight of the eleven sites. Spatial variation was considered to be a confounding factor in the identification of temporal variation in this study. Providing soil sampling strategies are used to decrease the effect of spatial variation, farmers and researchers should be able to predict potential Al toxicity to wheat grown on yellow earths from soil samples collected at any time throughout the year. When all sites were considered, the most appropriate time to sample soil and use the soil test [Al]:[Na] to detennine potential wheat yields would be in late summer or early autumn (i.e. either the second or third sample times). Winter rainfall patterns rarely commence before late May in the Merredin region, and therefore, changes in soil chemical properties after the commencement of such would be minimal. There was only one instance at sample times 2 and 3, i.e. one of the 22 site/times (an error of <5 %) when the actual value of the soil test could be interpretted incorrectly (site 9, time 2), and spatial variation was considered the major factor for that extraneous estimation of [AlJ:[NaJ.
Soil pH is relatively unaffected by temporal variation, however pH is unable to provide information on subsoil Al toxicity on the yellow earths, therefore it is of little value as a routine soil test
